An analysis of n = 3 → 2 transition lines of carbon-like silicon reveals that some ratios of line intensities are sensitive to the electron density. The ratio between two group of 3d → 2p transition lines at 55.246Å and 55.346Å is a good n e -diagnostic technique, due to its insensitivity to the electron temperature. Using this property, a lower limit of the density of 0.6×10 8 cm −3 is derived for Procyon, which is consistent with that constrained by C V and Si X emissions. Significant discrepancies in ratios of 3s → 2p lines to 3d → 2p lines between theoretical predictions and observed values, are found, by the spectral analysis of Procyon observed with the Chandra High Resolution Transmission Grating spectra. The difference exceeding a factor of 3, cannot be explained by the uncertainty of atomic data. The opacity effect is also not a choice as reported by Ness and co-workers. For the 3s → 2p line at 61.611Å , present work indicates that the large discrepancy may be due to the contamination from a S VIII line at 61.645Å . For the lines at 61.702 and 61.846Å , we suggest that the discrepancies may be attributed to contaminations of unknown lines. : 95.20.Jg; 97.10.Ex; 95.85.Nv 
Introduction
Since the launch of the new generation X-ray observatories, Chandra and XMM-Newton, X-ray spectra with unprecedented spectral resolution and high statistical quality can be obtained for astrophysical objects. The High Energy
Transmission Grating Spectrometer (HETGS) and Low Energy Transmission
Grating Spectrometer (LETGS) on Chandra can provide resolving power of λ/∆λ ∼ 100−1000 and ≥ 1000 in wavelength ranges of 1.5-30Å and 50-160Å, respectively. The effective areas can be as large as 200 cm 2 in some energy regions. Using these high-quality spectra, physical conditions of stellar coronae such as electron density, thermal structure, and element abundances, can be derived. Such information further helps to constrain models of the coronal heating and structuring. In the past, the information about the spatial distribution of coronal plasma was inferred by indirect means such as modelling of eclipses and rotational modulation (Güdel et al., 1995 Siarkowski et al., 1996) , and such analyses can only be carried out for very special systems with advantageous geometries. Presently, the electron density (n e ) of stellar coronae can be disentangled from the emission measure (EM = n 2 e dV ), and determined separately using the X-ray spectra with high-resolution for various late-type stars.
The complexes of He-like "triplets" of C, N, O, Ne, Me, and Si, which include the resonance (r: 1s 2 1 S 0 −1s2p 1 P 1 ), inter-combination (i: 1s 2 1 S 0 −1s2p 3 P 2,1 ), and forbidden (f : 1s 2 1 S 0 − 1s2s 3 S 1 ) lines, are covered by the HETGS and/or LETGS on Chandra and Reflection Grating Spectrometer (RGS) on XMMNewton, and are resolvable. Gabriel & Jordan (1969) The parameter of the electron density is also used to judge the mechanism of the X-ray production. For T Tauri stars, a density of > 1 × 10 12 cm −3 has been obtained from O VII for TW Hya (Stelzer & Schmitt, 2004 ) and BP Tau (Schmitt et al., 2005) , which is higher than typical coronal densities by at least two orders of magnitude. It was assumed that the X-ray emission is produced in the accretion shocks of T Tauri stars, instead of stellar coronae. Additionally, the UV radiative field from the inner layer also plays an important role on the population of levels 3 P 2,1 , which directly influences the estimation of n e .
For lighter elements, this effect is more sever (Ness et al., 2001 Resolution Camera (HRC) are available for this star in the Chandra Public Data Archive. 1 The observations are performed on three days, which are summarized in Table 1 . We utilized the CIAO3.3 software 2 and some science threads for the LETGS/HRC observation to reduce the observation data. In order to increase the signal-to-noise ratio (SNR), we co-added these three different observations, resulting in a spectrum with total exposure time of 159.9ks after times of bad counts were excluded.
Spectral line fluxes were measured using the Sherpa software package in the CIAO3.3. Gaussian profile was adopted here, because it can precisely describe the line broadening due to instruments for point-like sources. In the mea- perfectly describe the coronal plasma, and are used extensively in astrophysical modelling, and we adopt this assumption as well. The atomic data, which was calculated using the FAC package (Gu 2003) , has been assessed in our previous paper (Liang et al. 2006b ). For lower levels, the level populations induced by the collision between the proton and the highly charged Si IX ion, are non-negligible, and we adopt the rates of Rayans et al. (1999) in present analysis. For some weaker transitions, the resonant excitation (RE) process contributes tens of percents to the population. In principle, the excitation rates including resonant effect for all transitions should be included. However, for the strong lines we are interested in, the effects of RE appears to be small, and such a model is not necessary. Moreover, the calculation of excitation rates including RE is very difficulty for large-scale atomic model. So far, only a few excitation data of Si IX including RE are available, and they are for transitions among lowest levels with n = 2 configurations, which ware used in our model.
For ions with an open valence shell, such as Si IX, competing between population and de-population for each energy level cause the populations of some levels to be sensitive to the electron density, n e . Accordingly, some line intensity ratios may also be sensitive. In case of Si IX, we found the ratio between two group of 3d → 2p transition lines, the 55.246Å to 55.346Å (the values refer to the resolvable observed wavelengths in Table 2 ), is sensitive to n e , as shown in Fig.3 . The blending effect from all significant features (refer to Table   2 ) has been considered in the prediction of the ratio (hereafter R). There are two advantages for n e -diagnostic using this ratio. One is that the two resolved emissions are the strongest emissions, so they have relatively higher SNR, and the ratio is around unity. The other characteristic is that the ratio is insensitive to the electron temperature T e as shown in Fig.3 . The variation of the ratio is less than 3% when the electron temperature changes 0.2dex. For coronal plasmas (logn e ≥ 7.5), the temperature sensitivity is even weaker. 
Results and discussions

Line identification
In the selected wavelength range, forest-like emissions from highly charged silicon, magnesium, sulfur, calcium and iron are present. Although we disentangled those partially blended emissions through fitting with multi-components, there are several individual lines in each isolated feature. As listed in Table 2 Using Gaussian line profile, we construct a synthesized spectrum of Si IX.
The theoretical spectrum normalized to observed line at 55.346Å is overlayed on the observed spectrum, as shown by the dashed line in Fig.1 . The comparison reveals that the three identified wavelengths around 55.346Å appear to have slight more separation in wavelengths, which result in the theoretical spectrum appears broader at this position. This may be from the uncertainty of the atomic data, although the upper levels for these transitions are from 
Estimation of n e
From the subtracted line fluxes in Procyon, we obtain the observed value (5.2±0.11) for the ratio R. The comparison of the predicted R with the observed value indicates that the electron density is about > 0.6 × 10 8 cm −3 in the line emitting region.
In collision ionization equilibrium (Mazzotta et al. 1998 ), the peak temperature (1.26MK) of Si IX fraction is close to the T e determined from H-and He-like carbon ions. Therefore, the densities determined by the two different methods should be comparable. However, the radiation effect from Procyon's photosphere has great influence on the estimation of n e using the triplet ratio of He-like carbon. When this effect has been considered, an upper limit of < 8.3 × 10 8 cm −3 was obtained (Ness et al. 2002) . The combination of the two results definitely gives the density range for the cooler X-ray emitting region.
This ratio can also be used to diagnose the n e for those C-depleted stars, such as Algol. populations, and made the theoretical prediction increase by 50%. The correct results shown a better agreement with observed ones for most stellar coronae.
In the case of Si IX, observed ratio at 61.611Å can agree with the prediction within 1σ uncertainty, if the indirect processes have a similar effect as in Fe XVII. For the other two possible 3s → 2p emissions, the discrepancies being up to an order of magnitude, cannot be explained by the complete model.
As suggested by Ness et al. (2003) , the opacity effect is also not possible to be detected from the integrated spectrum for normal stars. So we suggest that the most possible reason might be the contamination of unknown emissions.
Conclusions
A detailed analysis of soft X-ray emissions of carbon-like silicon reveals that the ratio of Si IX lines around 55.246 and 55.346Å is a good n e -diagnostic method. By comparing the observed ratio with theoretical prediction, a lower limit of the density (0.6×10 8 cm 
